Abstract. X-ray K-absorption spectroscopic studies have been carried out on copper (II) mixed-ligand complexes with glutamic acid and aspartic acid as the primary ligands, where as water, pyridine, imidazole and benz-imidazole have been used as secondary ligands. Chemical shifts obtained from the X-ray absorption data have indicated that the glutamic acid complexes are more ionic as compared to their corresponding aspartic acid complexes having similar secondary ligands. Further, we have estimated the average metal-ligand bond distances from the fine structure data. For the different complexes studied under the present investigation, the studies reveal that the bonding parameter α 1 decreases with the increase in the percentage covalency of the metal-ligand bond. Thus, the bonding parameter α 1 may be used for the estimation of percentage covalency of the metal-ligand bond in other similar complexes.
INTRODUCTION
X-ray absorption spectroscopy has proved to be a promising technique in the characterization of metal complexes [1] . Investigations of X-ray absorption spectra has indicated that the chemical shift (ΔE) is not only governed by the valence but also depends upon other factors such as coordination number, ionicity, nature of the chemical bond, effective nuclear charge (Z eff ) etc. [2] [3] .
The present communication deals with Kabsorption X-ray spectral studies of the mixed-ligand complexes of copper (II) with glutamic acid as primary ligand. The mixed-ligand copper ( [4] for the complexes with aspartic acid as primary ligand and keeping the secondary ligands same as above.
The general experimental details are similar to those described earlier [5] .
The shapes of the main K-absorption discontinuities along with the fine structure of the copper complexes with glutamic acid are shown in Fig. 1 . The compounds studied earlier [6] for imidazole the values are 6.8 and 5.2 eV, respectively and similarly for benz-imidazole, the values are 5.7 and 4.5 eV, respectively. Hence, on this basis, we infer that the glutamic acid complexes are more ionic [6, 7] as compared to their corresponding aspartic acid complexes having similar secondary ligands. As far as the four complexes are concerned having the same primary ligand, either glutamic acid or aspartic acid, but different secondary ligand the trend shows that the chemical shifts vary as follows: 
For the explanation of this we give the spectrochemical series below: This can be easily understood in terms of the effects of the substituent on the donor property of the coordinating atom N. The benzyl group has electron releasing property and therefore the substituted imH will have relatively higher electron density on the donor atom, causing thereby strong electron donation towards and smaller effective charge on the central metal ion Cu 2+ . We have also estimated effective nuclear charges and % covalency by the method proposed in ref. [8] and [9] , respectively. The Z eff on the copper atom in the complexes under the present investigations are found to be in the range 0.53 to 0.83 electrons/atom (Table1).
Bond Distances
We have determined the bond lengths for the copper (II) complexes with the help of Levy's [10] method and graphical methods [11] . We have determined bond lengths using the slope of n vs k plots, which gives the value of 2(R 1 -α 1 )/π where R 1 is the bond length. The parameter α 1 depends to a large extent on the central absorbing atom. It is found that for chemically similar system, the value of α 1 remains more or less the same. The values obtained for R 1 are given in Table 2 . We have also calculated the bond lengths by Levy's method and these are also included in Table 2 . We have calculated α 1 by substituting the bond distances (r 1 ) obtained by Levy's method in (r 1 -α 1 ) for the Cu(II) complexes studied in the present investigations. The Levy's method is based on the estimation of the near neighbour distances and the data of X-ray absorptions are very reliable in the 0 to 100 eV region of the K-absorption spectra. The value of (r 1 -α 1 ) for the Cu(II) complexes are estimated from the slope of curves between n and k. A graph is drawn between the values of the bonding parameter α 1 and the percentage covalency for the copper(II) complexes studied in the present investigations (Fig. 2) . It is seen that the parameter α 1 decreases with the increase in the percentage covalency of the metal-ligand bond. Thus, the bonding parameter α 1 may be used for the estimation of percentage covalency of the M-L bond in other copper complexes. A perusal of the bond length values in Table 2 as obtained by two different methods indicates that these average bond distances of the first coordination shell are in fairly good agreement for the complexes studied within experimental error. The present studies indicate more ionic nature of glutamic acid complexes as compared to their corresponding aspartic acid complexes having similar secondary ligands. Our results show that the bonding parameter α 1 decreases with increase in the % covalency of the bond. The dependence of bonding parameter α 1 on % covalency may be used for the estimation of % covalency of the M-L bond in other similar complexes.
